The extracted Iranian olive fruit essential oil was analyzed using gas chromatography-mass spectrometry. Multivariate curve resolution-alternative least squares approach was used to overcome the problem of background, baseline offset and overlapping/embedded peaks in gas chromatography-mass spectrometry. The analysis of gas chromatography-mass spectrometry data revealed that 90 components exist in the olive fruit essential oil. However, with the help of multivariate curve resolution-alternative least squares this number was extended to 141 components with concentrations higher than 0.01%. Major constituents in the olive fruit oil are 2-dodecenal (16.88%), 2-undecenal (10.71%), ethyl oleate (8.18%), and eremophilene (5.20%).
INTRODUCTION
An essential oil is a concentrated, hydrophobic liquid containing volatile aroma compounds from plants. Essential oils are generally extracted by distillation. Other processes include expression, or solvent extraction. They are used in perfumes, cosmetics, soap, and other products, for flavoring food and drink, and for scenting incense and household cleaning products. Medical application proposed by those who sell medicinal oils range from skin treatments to remedies for cancer, and often are based on nothing better than historical accounts of use of essential oils for these purposes. Various essential oils have been used medicinally at different periods in history. As the use of essential oils has declined in mainstream evidence-based medicine, one must consult the older textbooks for much information on their use, e.g., Sapeika [1] and Thorpe and Whiteley. [1, 2] Olive fruit oil is used to prevent heart attack and stroke (cardiovascular disease), breast cancer, colorectal cancer, rheumatoid arthritis, and migraine headache. Olive fruit oil is applied to the skin (used topically) for earwax, ringing ears (tinnitus), pain in the ears, lice, wounds, minor burns, psoriasis, stretch marks due to pregnancy, and for protecting the skin from ultraviolet (UV) damage after sun exposure. Due to the important roles of olive fruit, methods of hydro-distillation (HD) have been used to extract its volatile constitutes. [3] Gas chromatography-mass spectroscopy (GC-MS) is one of the so-called hyphenated analytical techniques. This technique was used as a powerful tool for medical, pharmacological, environmental, and essential oils. [4−8] Complete separation of the components of a complex chemical is difficult because in gas chromatography-mass spectroscopy exists some overlapping/embedded peaks, even under good separation conditions. Fortunately, with the development of chemometric resolution techniques, the extraction of required information about components in a complex mixture has become possible. Many associated methods, such as window factor analysis (WFA), sub-window factor analysis (SFA), heuristic evolving latent projections (HELP), iterative target transformation factor analysis (ITTFA), and multivariate curve resolutionalternating least squares (MCR-ALS). [9−12] Multivariate curve resolution (MCR) methods have been used for hyphenated analytical techniques, such as Fourier transform infrared spectroscopy (FTIR), liquid chromatography-mass spectrometry (LC-MS), and GC-MS. [13−15] The advantages of using MCR for resolving the mixtures are achieving the mathematical resolution with less time, costs, and chemical efforts. In this work, the volatile components of Iranian olive fruit oil were extracted using the HD technique and were analyzed using GC-MS under appropriate conditions. Different chemometric techniques were used for preprocessing, chemical rank determination, and multivariate resolution. MCR-ALS method was used for resolving the co-eluted peaks and obtaining the pure chromatographic profiles and pure mass spectra. It is shown in this work that chemometric methods can play a major role in accurate analysis of the complex systems, such as essential oils.
THEORY
MCR techniques are a collection of mathematical methods that can decompose an original two-way data matrix (e.g., GC-MS data matrix) to the contribution of pure components. The final goal of all MCR techniques is the recovery of the concentration and spectral profiles for each component. A MCR bilinear model can be defined as Eq. (1):
In this equation, D is original GC-MS data matrix with dimension (m × n), C is a matrix containing the pure chromatograms with dimension (m × p), S is pure mass spectral matrix with dimension (p × n), and E is residual matrix with dimension (m × n). The value of m, n, and p are the number of time points, m/z values, and number of components in data set, respectively. MCR-ALS method is an iterative MCR technique that iteratively finds the matrices of concentration profile and instrumental response. At each iterative cycle C or S T both are optimized. [12, 16, 17] MCR-ALS consisted of the following steps: (a) Determine the number of compounds in original data matrix (e.g., D matrix). , and e until convergence is achieved. This method consists of solving the following two least-squares problems under appropriately chosen constraints:
D PCA is D matrix estimated by principal component analysis (PCA) and the ALS-reproduced data using the least-squares estimates of C and S T matrices C and S T , are alternatively minimized by keeping constant C in Eq. (2) or S T in Eq. (3) and is calculated as:
During the implementation of the MCR-ALS method, different constraints can be applied to the C or the S T matrix. These constraints are non-negativity, unimodality, normalization, and selectivity. The non-negativity constraint is applied when it can be assumed that the measured values in an experiment will always be positive. The unimodality constraint allows the presence of only one maximum per profile. Partial chemical information in the form of known pure response profiles, such as purecomponent reference spectra or pure-component concentration profiles for one or more species, can also be introduced in the optimization problem as additional selectivity constraints. [18−23] The convergence criterion includes the comparison of the fit obtained in two consecutive iterations. When the relative difference in fit is below a threshold value, the optimization is finished. Sometimes a maximum number of iterative cycles may be used as the stop criterion. This method is very flexible and can be adapted to very diverse real examples.
MATERIAL AND METHODS

Reagents and Materials
The olive fruits were collected from 10 plants that were 20 years old, at 1050 m above sea level in Roodbar (North of Iran, mountainous region Mediterranean climate) in 25 September 2009. Botanically, olives are a fruit. For a botanist, a fruit is the flowering ovary of a plant that contains seeds. Olives are now cultivated in many regions of the world with Mediterranean climates. Olive varieties can be divided into two categories. They are: oil type (Carolea, Coratina, Pendolino, Frontoio, Canino, Ascolanaterena, and Aglandeau) and pickle type (Ascolano, Mission, Grosseune, Picholine, Cornicobra, and Coratina). Olive cultivation requires a temperature range of • C, however, [15] [16] [17] [18] [19] [20] • C is ideal. Olive trees are not irrigated but they require 950 mm of water during their entire growing season. Cultivar, geographic region, fruit maturity, processing methods, and parameters influence the volatile composition of olive oil. Fruit from different cultivars grown under the same environmental conditions produce oils with different volatile compounds, as does fruit of the same cultivar grown in different geographic regions. The olive fruit has, in general, the same growth pattern of the other stone fruits, such as the peach, plum, apricot, and cherry. The oil content of the fruit increases during November, December, and January. In addition, during this same time there is a decrease in the moisture content of the fruit. The only difference between green olives and black olives is ripeness. Unripe olives are green, whereas fully ripe olives are black. The partially ripe fruits are collected during September-October. [24] These fruits were kept at 4
• C until extraction. Normal hexane and anhydrous sodium sulphate were purchased from Merck (Germany).
ANALYSIS OF OLIVE FRUIT ESSENTIAL OIL
ANALYSIS OF VOLATILE COMPOUNDS Hydrodistillation Extraction (HDE)
At first, fresh fruits were crushed and some water was added to them. Then, olive fruit essential oil was extracted by a glass Clevenger-type apparatus (Fig. 1) . The extraction was continued for 4 h. After that, to better recovery, the essential oil were taken up in n-hexane and, for removing traces of water, it was dried using anhydrous sodium sulphate. Finally, essential oil was stored in a dark glass bottle at 4
• C until GC-MS analysis.
GC-MS Analysis
GC-MS analyses were performed by HP-Agilent 6890 GC that has been coupled with a HP-Agilent 5973 mass selective detector and was equipped with HP5-MS capillary fused silica column (30 m,
Glass Clevenger-type apparatus.
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0.25 mm i.d. and 0.25 μm film thickness). Temperature programming has been performed under the following condition: The oven temperature was held at 50
• C for 5 min, then programmed at 3
• C min −1 to 240 • C; after that it was programmed at 15
• C min −1 to 300 • C, and was held for 3 min. Other operating conditions were as follows: injector temperature, 290
• C; carrier gas, He (99.99%) with a flow rate of 0.8 mL min −1 . The injector type was splitless. In MS, the voltage and ionization source temperature were 70 eV and 220
• C, respectively, and ionization method was electron ionization (EI).
Identification and Data Analysis
The essential oil components were identified by calculating their Kovats retention indices (RIs) and comparing of their RIs and mass spectra with RIs and mass spectra of standard compounds stored at the National Institute of Standards and Technology (NIST) mass spectral (MS) database. A software, G1701DA MSD ChemStation version D.00.01, was used for the data collection and conversion to ASCII format. Data analyses were performed using a Pentium 5-based HP Compaq personal computer. Programs of the chemometric resolution methods were coded in MATLAB R2009a by the authors. The library searches and spectral matching of the resolved pure components were conducted using the NIST MS database. The aim of curve resolution methods is to identify the pure mass spectral and chromatographic profile of each component from the original data matrix that is produced using GC-MS technique. In this work, the total ion chromatogram (TIC) was divided to several peak clusters and for each peak cluster a data matrix was prepared. Then the following steps were used for each data matrix:
1. Background correction: Two-way data obtained from hyphenated chromatographic/ spectroscopic techniques are influenced by many types of instrumental artifacts. [25] If not properly accounted for, these instrumental artifacts may create major problems in the resolution of the data into spectra and concentrations of pure chemical constituents by introducing additional factors in the analysis that can be difficult to distinguish from minor chemical components. This method is a very powerful technique for removing the baseline drift and spectral background in the chromatographic data. For convenience, raw two-way chromatographic data in general (matrix X) can be divided into two parts: spectral background and component data (X b and X c respectively). Thus, raw two-way data may also be expressed as:
where the subscripts c and b denote constituents and background, respectively, since spectral background is approximately constant during the chromatographic run. Such a background of two-way data could be expressed as:
Here we use vector t for the baseline shift from chromatography and s T for the spectral absorbance vector. The vectors 1 T and 1 contain only 1s and the dimensions of the two vectors are the number of detector channels m (in wavelength or m/z in spectra) and number of retention time n, respectively. Thus, pure constituents data is obtained and it can help to correct quality and quantity analyses because spectral background data is from initial raw data (matrix X). If background correction is not done, both identification of the constituents with small content and resolution of embedded or overlapped peaks are not possible. The Kvalheim and Liang method was used in this work. [26] 2. Heteroscedastic noise reduction: This type of noise in GC-MS data can interfere in the identification and quantification of the components. In this work, a filter was used for removing these noises. [27] The filter is a smoothing filter based on polynomial regression. 3. Chemical rank determination: Determination of the number of components in each peak cluster is a very important step in the resolution procedure. Eigenvalues-based methods and Malinowski functions were used in this work to determine the chemical rank. [28] 4. Multivariate resolution: MCR-ALS was used for obtaining the chromatograms and mass spectra of the components in each peak cluster. 5. Qualitative and semi-quantitative analysis: Resolved mass spectra for each component were used for qualitative analysis. In addition, overall volume integration (OVI) was used for semi-quantitative analysis.
RESULTS AND DISCUSSION
Qualitative Analysis of Iranian Olive Fruit Oil
Total ion chromatogram (TIC) of Iranian olive fruit oil is shown in Fig. 2 . The appearance of TIC demonstrates the complexity of the essential oil. In this work, TIC was divided into 75 peak clusters by zero component regions along elution sequence for the essential oil. Some of the submatrices were single component peaks. These peaks could be easily identified and quantified by direct library searches and peak integration in ChemStation software. However, to have a more reliable result, single component peak clusters were pretreated and decomposed using PCA method, and chromatograms and mass spectra were obtained from corresponding scores and loadings. The obtained results were much better than those of ChemStation from the match factor (MF) and percentage of each component points of views. Match the factor for validating the resulted mass spectra from resolution techniques with the mass spectra of libraries if they completely have the same intensity of MF = 1000 and if MF ≥ 800 also is good, and it reveals the resolution was corrected. MF number is determined by NIST mass spectra search software. In order to illustrate the resolution method, a sample one-peak cluster was selected from retention times 19.01-19.39 min (scan points: 2918-2990) as an example. TIC for this peak cluster is shown in Fig. 3 . This peak cluster was extracted using MSD ChemStation software and was changed to ASCII format that is compatible with MATLAB software. The size of data matrix for this peak cluster is (74 × 281). A direct library search for this peak cluster before performing resolution procedure 
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FIGURE 3 TIC of the selected peak cluster.
showed that two components were indicated. However, after chemometric analysis, different results were obtained. In other words, by using chemometrics, more information has been obtained from this peak cluster. In addition, the quality of the results has gotten better. Because first, background correction and reducing noise on peak clusters was performed. These initial steps are necessary for obtaining reliable results in the resolution procedure. Then, chemical rank determination was done for all peak clusters using eigenvalues-based methods and Malinowski functions. In these methods, when reduced error eigenvalues or eigenvalues are almost constant, the number of components is determined at this point. The results of chemical rank determination for the selected peak cluster are presented in Fig. 4a , which shows reduced error eigenvalues against number of components. This plot reveals that three components exist in the peak cluster. Also, Fig. 4b shows eigenvalues against number of components and confirms the presence of three components in the peak cluster. These components consist of undecane, dodecane-3 methyl, and nonanal with MF of 935, 847, and 993, respectively. Finally, the peak clusters were resolved using the MCR-ALS method. This method is performed with initial estimates of chromatographic profile obtained by Evolving Factor Analysis (EFA) method together with the proper constraints, such as non-negativity, unimodality, normalization, and using ALS algorithm. Pure chromatographic profile and mass spectra for the selected peak cluster obtained by using these techniques are shown in Figs. 5 and 6, respectively. Statistical parameters resulting for pure chromatogram profile of this peak cluster, such as lack of fit in %(PCA), lack of fit in %(exp), and percent of variances explained (R 2 ) at the optimum, are 2.09, 2.95, and 99.91, respectively. After obtaining each pure spectrum and the resolved chromatographic profiles for each component, the components have been identified by similarity searches using the NIST mass database and were verified with their RIs. These steps were performed for all of peak clusters and results are presented in Table 1 .
Quantitative Analyses of Chemical Components of Iranian Olive Fruit Oil
The quantitative analysis of components is performed using peak area integration. After resolving the GC-MS two-dimensional data into pure chromatograms (c i ; i = 1, 2 . . . , i: component number) and mass spectrums (s i ; i = 1, 2 . . . , i: component number) for each component, the peak area integration at every m/z point for each component is calculated. Its sum, which is called the overall volume integration (OVI), is directly proportional to the concentration of the components. [29, 30] 
Compare Iranian and Italian Olive Fruit Essential Oil
The main constituents of volatile fraction of Iranian fruits in September were 2-Dodecenal (16.9%), 2-Undecenal (10.7%), Ethyl Oleate (8.2%), and Eremophilene (5.2%). Also, main constituents of volatile fraction of Italian fruits in September were (E,E)-α-farnesene (20.3%), (E)-2-decenal (17.5%), (E)-2-hexenal(14.8%), nonanal (11.8%), and (E,Z)-2,4-hexadienal (5.0%). [31] The same Iranian and Italian olive fruits' volatile compounds are reported in Table 2 . Also, some components of Iranian and Italian olive fruits are demonstrated in Table 3 .
CONCLUSION
In this work, HDE technique was applied to extract the volatile components of the Iranian olive fruit oil. Then, the components were characterized by GC-MS. To resolve the peak clusters, the chemometric method of MCR-ALS was successfully applied. A total of 141 components with concentrations higher than 0.01% were resolved by using the GC-MS combined with the chemometric resolution techniques. However, only 90 of these components were identified by using ChemStation searches in MS database without the use of chemometric resolution techniques. These results show that the olive fruit oil is a very complex mixture containing aldehydes, ketones, esters, alcohols, alkenes, and alkanes. Also, the results show that the hyphenated instruments combined with the chemometric resolution techniques provide a reliable method for the quick and accurate analyses of real samples. These components consist of aldehyds, ketones, esters, alcohols, alkenes, and alkanes. These compounds can play an important role as a perfumery and also as flavoring in the food industry. [3] 
